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1.1 XiE#kR

INTVYR G T =P R AR, ek, B
WYL VTR SR AR A3, SRR SR N . b R &
132°46'~133°15', Jb4h 45°58' ~46°10'. J& i K2
WAME, ZKER, &FZKEAEEG, #wmhrvhde
W HIWRGE, FEFE/DWN T, B35 830 e < B
S, REAKEES, SRR, HFREER, R,
SEYEE N 2.4 °C, FENRZEN41.1~357 C, FiE)
IR (=10 'C) 24428 C. LFEW 131d.
1.2 RXIEHhes

WIT 2016-2017 FAE B EITE )\ AP F HA
ukdtAr, 2016 FFENE 545 mm, 2017 “ERFEW &
433.1 mm, HAERHBFENEW T (R D Pon. W56 RE
Frem e, AHR BRI AR L, R R
VIR 34N 0~20 cm B+ 2 (BHE), 20~40 cm (¥
2, 40~60 cm ZVERE . HHE TIBS A LR 30.22 g/kg.
4% 1.89 g/kg. 4T 0.89 g/kg. 44 12.61g /kg. AR
150.4 mg/kg. %M 32.4mg/kg. HEZAH 137.0 mg/kg, +
HE pH 5.71. I X HLBA-THH, oM A1

F1 20162017 E/\AMEKIFET =
Table 1 Rainfall of 854 state farm from 2016 to 2017 mm

o . H # Month

Year Time A Y| tH A LA
May June July August September

Ff) 48.6 9.9 12.4 8.0 57.5
2016 ) 35.1 29.2 18.1 6.8 24.1
TH] 493 6.3 24.7 50.2 10.5
4 15.9 29.7 0.4 43.4 14.5
2017 T 135 ©25 466 00 226
T 23.7 13.4 28.5 20.9 11.2

1.3 Rt
KHBENLX A Beit, ik e MbF, 73508 D &

TEERIAX (CKD, K @R A AT R, AR A
15~20 cm. 2) OHEEX (SML), KHHEH R
FroHRAFEN, ZEN R T RMELE, L#
20 cm, Ry 30~40 cm, {ENVIRE N 50~60cm. 3)
H+LEEEX (S+SML); 4) FEFH+O LR A X+
(S+SML+P); 5) FfEFF+O HIRAX+AK (S+HSMLAL);
6) FEFF+O TIRA XA KABEAE (S+HSMLAL+P) . HAk
FEFF A . SR A E AR E LR 2. PR
EFIERNR R (R 46.3%), B LRy E L iR
5 (% P,0s43%), #F RS (7 K0 60%).
FNLEE 3 IREE, 18 AVMX, FABX 10m, % 6.5m
(5 28, 28 13 m), /AXHEM 65 m*, KX HEHH
1170 m*. 56 X F 2016 4E 5 7 10 $&F, 10 H 1 HUk3k,
2017 4 5 A 8 H¥EF, 9 A 30 HUEE; 4Hk M Fh: 2016
FRE “BAREATE 157, BEN 30 Jikk/nhm®, 2017
K “38P0S”, PE T Jitk/mm®. BRSNS A
BEE . A7 AN R AL BE 3 36 RS PO B VR S ALIE N O
+ )2, HABRERMEIE R RE R — RN, A% A0 A
EHH.
£2 TRLERBIZIT
Table 2 Test design of different treatments

TR HE B B

L Straw - Pfertilizer .o oo MERUHEE
Treatment retumlrig ratesi /(kg'hmfz) Fertilizer rates/(kg-hm™)
/(kg'hm?)  /A(kghm™)

CK 0 0 0 N 54.6+P,05 69+K,0 27
SML 0 0 0 N 54.6+P,05 69+K,0 27
S+SML 18 000 0 0 N 54.6+P,05 69+K,0 27
S+P+SML 18 000 60 0 N 54.6+P,05 69+K,0 27
S+L+SML 18 000 0 600 N 54.6+P,05 69+K,0 27
S+P+L+SML 18 000 60 600 N 54.6+P,05 69+K,0 27

1.4 UL EEREMRTIERE
1.4.1 ITHERHE

YENVI, 55 1 ZLE9HF 20 cm R HE (AP B): 82
REEEE T —REFEREMG TR L 3~5 emBINE 1
AP A G 58 3 BVESE | ZWMANARE N R HE
2420 cm 0t (AW 2D, [FE, 25 4 BUNESE 3 A4
Ve R TH T R HEZ 10~15 cm Ot (B E). 55 2 A48t
R B S5 3 AL, 5 4 AR B Z 0+,
25 4 R FRmE T, MUIRARSIAR, P4 EIRAE
Mg LRl 5.0 VIR . ERELK, T —RE4
WA AE B 15~17 cm HIE T EWBINE LK R
FERREIE R O 2 b
1. 4.2 HURHRE RS

D AMERSF: F3K 3 820 mm, AUZE% 2 480 mm,
AR 2 065 mm. 2)EHUF R 0.85 to )EMFEIR: BHE
W 55 - 46~60 cm, HHERE: 40~60 cm, A HATFE 3.1 m,
#5 ) 2.0~3.5t, {ElALZE: 0.2~0.4 hm*/h,
1.5 FEMBESRZE
1.5.1 E3gEAskEmz

F IS KRR LA B T e, R



14 3

RS FEL G0 TS ARSEERE & SR AR LR 109

TR SR B HEAT KA, RAERE N 60 cm, % 0~20. 20~
40 40~60 cm 47 ZHURE, BEHL 3 &, SRS RECF
Y98, BURERA) )2 2016 427 A 19k, 2017 £/ 8 A 1 Kk,
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Disk harrow f
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a. Straw subsoil mixed layer plough

o) FEFT Straw

N 8 NF
3k

A 200 mm
B 400 mm

b. TAERE
b. Working principle

E: Ap: BHZ: Aw: FKJZ: B JE: WERUZ. (D~ (DARFALPER.
Note: AP: top soils; Aw: planosol; B: illuvial horizon. (1)-(7) were working step
of plough.

Bl RAFCELASERLIHRE
Fig.1 Straw subsoil mixed layer plough and its working principle

1.5.2 E3gEmE T

A H A KR B T DIK-5521 53 A X - 3% Ag
FEVHE, [BAERE 2 cm?, WEFREE 60 cm, 4% 0. 5.
10. 15, 20. 25. 30. 35. 40. 45. 50. 55. 60 cm i
AE, RENKGELENE 10 A, FAES 10 cm, 4t
HREE L HCPIE, W i [A] 5 1338 /K R URE I (] — 2
1.5.3 LR ER =400 T

e 7 H R R VR e, I AR H
A DIK-1120 58 =AAERME, RECA T07 232 13585
T, REAN AR 2 51 DY ) 32 B = R A3 £, 42 3 4~ 100 emx
100 cmx120 cm L3S, AP JITEUEIR LFE, 2 TIHE
N 5 em, B8 100 cm®, ¥R 3% 0~20. 20~40. 40~
60 cm 7} JZHUFE, BEZH3 &, ARG RECEAME,
TIRENS, wHIEAH.
1.5.4  E3ZAbFH54mmE

358 pH B R 3 E 77 SR A7 T35 pH THl e, 350
FR R BT BB ORI s 3 R R AR R AL R
BRI s SRR F SR IRIZ $R-AAS 1R s LI L

JiR F AR ER AT AN I BGE I 2 s IR A ECR A M E T
ik ISR NaOH fARb-tHehbi b (el 34
B ] NaOH 4 filt- A6 BE VR s ), P Bl AT SR,
HIERBERE N 60 cm, 1% 0~20. 20~40. 40~60 cm
SYIEZERE, FEE 1 ANRARE, AES RECT A,
SKAEFA] A 2017 45 10 F 10 H.
1L.5.5 AN

AR . A3 XOEA ARER MR 20 #REEAT = B0
IR 25
1.6 HABEDH

% H DPS 7.05 #1 Excel 2007 #5443k 4T £ 48 &b ¥ F0
0T

2 HERE5H

2.1 AEIEXS T IEYITR M B A2
2.1.1 AEEAKE, BREALIE ARG TR

O TREGREEE LR EATHBRT, BO%K
FERERZE W E LI AT IR, SO T AK A%
JEARNEELLERY, T AR O R, 42 W
PERIEKEESS, AR TEYR AT T, (REHED A&
KB NE3IHUEN, HELAH 2a )5, SEBIRERX
AHEG, O VA BC e 25 Rk A HE X 0 - E M T R
EREAEN . WAFRERSHT, 0~20 cm #FZ 1548
PEFRASEASE . >20~40 cm 0+ B HIEES KR B4R
T 0 VR A EC B RE S X B KRR R R R N 211~
6.11 NED A, BEELE =M, FEAERE, FEE
FEN 8.5~9.97 ANE 4y ki, WAV MR, FE IR
WA 2.82~5.41 NESY AT 3.89~6.65 N, AE
FA%, PRARIERE Y 10.13%~17.09 %, >40~60 cm + )2
I EE 2 R O IR A RN e YR R,
YEE A BT s, EARAR R . BINFEA AR d T
FEFF 86— 20, R TWoKER, #m T HEE K
R, PR TIEAE, RINFSFHACEL T AR INASFTACEE.
Ft, O LEARBESEYEE, AR TRENAKE
BeATRE, PR LEEN:, YIRS B I R G .
2.1.2 st EIEREE B

HELHEEARBRARKE, ZETEHeEEs,
RHULSE, R IERS . B, WK, EAZIREE
FZE, T IENUE % R R 0 2 AR = 2
BIBHZ . BHEFIERZE, 60 ] WAk, WE 2
ATDAE H, JELE 2 a MRS R SR, HEIR X 584k
H 1a)5,0~60 cm 12 135 Ff 5 2 IniRaE S K
W/, 7E>20~40 cm AbHILE(E, WA R, &
T —AMEW AR KRR R O HIR STt
YIRIX BT 2 a Jo5, AR BEREE T 2R BE A INRAsE A /s
AR, fH>20~40 e [H K JZ XIREA HIUEE, HAERE
BoNe SEEINARAX AL, >20~40 cm 0t )2 - IEREREE
TEEREE N 40%~50%, 0~20. 40~60 cm 12 -3
BB N, (ERAE. stEEYR R0 L,
WRRRIEEAKER, G EMREE.
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Table 3 Changes of soil physical property with different treatments
Ab T TR SR S & T E &1 AH WAH vl
Treatments Soil layer/cm Soil water content/%  Soil density/(g-cm™) Solid phase/% Liquid phase/% Air phase/%
0~20 23.55+0.41a 1.2240.06a 44.20+0.89a 36.38+0.68a 19.42+0.65a
CK >20~40 22.66+0.46¢ 1.58+0.06a 56.99+0.80a 31.41+0.90b 11.60+0.66¢
>40~60 23.43+0.40b 1.52+0.07a 52.18+0.85a 35.48+0.68b 12.34+1.06¢
0~20 24.98+0.54a 1.17+0.06a 45.59+0.49a 36.67+0.69a 17.74+0.64a
SML >20~40 24.77+0.33b 1.32+0.06b 48.49+1.01b 35.274+0.54a 16.24+0.64ab
>40~60 26.59+0.43a 1.48+0.07a 51.38+0.68b 35.98+1.02b 12.64+0.47¢
0~20 24.24+0.58a 1.1940.07a 44.25+0.96a 37.36+0.87a 18.39+0.54a
S+SML >20~40 27.17+0.54a 1.30+0.06b 47.02+1.08b 34.7340.50a 18.25+0.56a
>40~60 25.30+0.39a 1.4740.05a 50.08+0.98b 33.02+1.06a 16.90+0.58a
0~20 25.91+0.48a 1.16+0.06a 45.62+1.01a 35.88+0.60a 18.50+0.66a
S+SML+P >20~40 28.31+0.32a 1.21+0.06b 47.67+0.63b 34.23+0.65a 18.10£0.71a
>40~60 26.40+0.52a 1.46+0.07a 51.63+0.92b 32.954+0.72a 15.42+0.50a
0~20 24.17+0.53a 1.16+0.06a 45.41+0.67a 37.54+0.64a 17.05+0.74a
S+ SML+L >20~40 28.51+0.43a 1.24+0.05b 48.08+1.10b 36.43+0.89a 15.49+0.49b
>40~60 26.89+0.37a 1.46+0.06a 50.99+1.02b 36.52+0.53b 12.49+0.48¢c
0~20 25.45+0.46a 1.124+0.06a 45.04£1.17a 38.724+0.69a 16.24+0.65a
S+SML+L+P >20~40 28.77+0.53a 1.25+0.06b 47.19+1.08b 36.82+0.94a 15.99+0.66ab
>40~60 26.19+0.53a 1.45+0.09a 50.90+0.89b 35.91+0.91b 13.19+0.61b

VE: R EAR 2 R — SR NS TR 0.05 KT %45 8%,

Note: Different lowercase letters in the same column and soil layer of different treatments indicate significant difference at 0.05 level.
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2 | L AN s 7
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830 7. 2 5 8307 4 5
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1075 /\ M K 101 B RS - | 2
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Fig.2 Effect of different treatments on 5011 hardness

2.2 TREIIEF IR 5 TR 2, LERFDBEIELE, 2a FREAR SRR

AXEAREAENR SRR, BREER, #od R, ARLHESEEER XA REE RS 701
EAC, RRRURA MBS RAL, LR mEtE, oy REMGESEMERFRSEE, WA 82.75%~

121.63%, HRMEIEE 190.91%~681.82%, HH1 27N
AL AS L B i, R VR EHIRAA LI 6.5~6.8 1. &
B AR S 20.7%~40.74%. BHURIEE 157.14%~

XA 2GR 3 IR S o RS AT FH RS AT AR AN EAE 2 a
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185.71% . HIAT AR AL FRHR >20~60 cm 12 pH {#, >20~
40 cm +J2HEE 0.45~0.47 DAL, >40~60 cm 122
B 0.23~0.24 NN, TIEEREIFENEE DN EE R
1 45.76%~52.54%, SWEHEE 108.14%~144.19%, 447
215 8.10%~26.34%. YA FE S T EHIEANOTE, H
Bt S T O ERSEE, MR TR O LERS
TR IR, ORAE T AEPXS 5 23 S R F
2.3 AREEFEY=ERIEM0

OHRAE S YR H B s, a5 2a

WIEPF B2 . WE 5 ITLLEH, SIERBIR AT
tb, tEE lafERE, ODHESOEKE=ERS
10.41%, 0> =8 A Hc it 250+ ek A #E K 5 7= e 3 i i
N 13.42%~24.46%. HLJEE 2a B EK, OLRA
AN ROK PR AR 10.40%, O VRS E R E R Ak
TR IR SR N 13.43%~19.17%, 2 a WAL 5
ERENANA L 2 S A B B E KT . o MEm RS ]
B, FEFHO IR B IR KA T B, R
B PR B

£4 FEAMEHHES R

Table 4 Soil nutrient conditions with different treatments

e = ez A HH il HHUR 2 i o
Treatments Soil layers Avallablg Avallablﬁe1 Avallablf:l pH value Organic Igatter Total }\11 TotalE Total E
/em NAmg'kg )  Plmgkg )  K/(mgkg ) Ng'kg ) Ng'kg ) Ng'kg ) Ng'kg )
0~20 184.38+7.11a  42.50+2.0l1a 136.50+5.95a  5.74+0.12a 27.10£1.17a 1.87+0.08a 2.17£0.15a 13.82+0.72a
CK >20~40 67.54+4.20c 5.50+0.43¢  94.23%2.31¢c  5.96+0.09b 5.60+0.22¢ 1.18+0.07¢ 0.86+0.11c 11.73£0.52b
>40~60 51.12+4.60c 8.70+0.36b  132.62+4.06a  5.91+0.07a 4.60£0.32c  0.87+0.10c 0.79£0.15¢ 15.96+0.61a
0~20 161.60+£7.03a  43.00+1.96a 134.03+2.63a  5.66+0.08a 28.40+0.92a 1.75+0.11a 1.95+0.18a 13.40+0.35a
SML >20~40 111.36+5.11b  16.00£1.43b  107.06+3.08b  5.99+0.06b 12.10+1.26b 1.26+0.08b 1.30+0.11b 13.89+0.39a
>40~60 118.66+5.30a  11.00+0.78b  105.39+4.24b  5.96+0.10a 10.10+0.92b 1.49+0.09a 1.27+0.08b 14.84+0.38a
0~20 169.78+6.32a  34.00+1.50a 135.95+£6.06a  5.60+0.13a 32.50+1.00a  2.03+0.10a 1.98+0.16a 13.78+0.43a
S+SML >20~40 136.12+5.20a  35.00+1.73a  113.74+4.72a  5.86+0.10b 14.40+1.26a 1.72+0.06a 2.10+£0.13a 12.68+0.42a
>40~60 115.01+4.21a 11.00£0.99b  103.16+4.39b  5.97+0.13a 12.90+0.72b 1.03+0.06b 1.13+0.09b 13.48+0.44a
0~20 158.82+7.48a  39.00+1.62a 136.14+2.58a  5.65+0.10a 29.40+1.02a 1.74+0.05a 1.91+0.21a 14.82+0.29a
S+SML+P >20~40 149.69+5.37a  43.00+1.51a  129.53+4.34a  5.88+0.08b 15.30+0.93a 1.80+0.06a 1.79+0.07a 14.82+0.49a
>40~60 114.68+5.01a  16.25£0.90a  120.42+3.76b  5.88+0.10a 12.30+0.93b 1.57+0.07a 1.17+0.09b 12.30+0.96a
0~20 164.30+7.17a  36.00+1.71a  138.1745.43a  5.89+0.07a 29.40+1.41a 1.87+0.06a 1.96+0.17a 14.44+0.43a
S+SML+L >20~40 123.43+4.92a  32.00+1.74a  132.6245.19a  6.41+0.11a 15.40+1.18a 1.7240.11a 1.95+0.10a 14.13+0.40a
>40~60 104.85£4.99b  12.00+1.30b  115.41£3.73b  6.15+0.08a 13.80+0.81a 1.33+0.05a 1.11£0.11b 14.96+£0.39a
0~20 154.57£6.85a  49.00+1.93a  138.17+4.06a  5.96+0.09a 30.40+1.26a 1.72+0.10a 1.94+0.10a 14.48+0.44a
S+SMLALAP  >20~40 137.00+£6.18a  41.00+1.43a 124.31+£3.58a  6.43+0.18a 16.00£1.29a 1.79+0.07a 1.85+0.10a 12.91+0.37a
>40~60 117.0845.86b  17.00+0.82a  117.46+4.91b  6.14+0.18a 14.60+0.84a 1.10+0.10b 1.33+0.08a 13.66+0.34a

e RSB F 2 R SVEUE G A RS B 0.05 KT ZR- B

Note: Values in the same column and soil layer of different treatments followed by different lowercase letters is different at 0.05 probability level.

F5 ARALEIMEY -SRI
Table 5 Effects of different treatments on crop yield

K= Soybean (2016) £ K Maize (2017)
s N s N 7
Treatment FrE Increas- FEE Increas-
Yield/(kghm?) ingrate  Yield/(kghm?)  ingrate
/% %
CK 1 885.83+33.63cB —  7488.78+35.98cC —
SML 2 082.23+46.84bA 1041 8267.95+31.43bB 10.40
S+SML 2 139.00+43.80bA  13.42 8494.33+46.03bAB 13.43
S +SML+P 2298.03+49.02aA  21.86 8 872.60+48.72aA 18.48
S +SML+L 2271.17434.85aA  20.43 8 811.94+62.15aA 17.67
S +SMLAL+P 2 347.07+38.70aA  24.46 8 924.45+56.28aA 19.17

E: FSEAE R ARG T8 5L 0.01 F10.05 KT ZE 782
Note: Values in the same column followed by different capital letters and
lowercase letters are different at 0.01 and 0.05 probability level, respectively.
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Zhang Libo™?, Kuang Enjun®, Wang Qingsheng?, Liu Jungang®, Gao Xuedong®
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Abstract: Planosol is one of the main agricultural soils in the northeast of China, in which Heilongjiang and Jilin Province are
relatively concentrated distribution areas. In the Heilongjiang Province, its total area is about 3.31 million hm?; the Sanjiang
Plain located in its eastern region is planosol concentrated area, and its cultivated land area is about 0.88 million hm’. Planosol
is a kind of regional low yield upland soil, and 3 factors namely very thin black topsoil, naturally derived hard subsoil pan and
over acidification after reclamation are considered as major obstacles triggering low yield. It was found that when its silt
subsoil layer and clay subsoil layer were mixed while keeping the topsoil undisturbed, good soil improvement could be
obtained. Since its subsoil is short of nutrient, its poor chemical property still remains unchanged by only using subsoil mixing
method. In this paper, by making plot experiment, different ameliorative materials were input into the subsoil mixed to clarify
the further effect on planosol improvement. The plot experiment included 6 treatments: common subsoil loosening (CK);
subsoil mixed (SML) (operated by straw subsoil mixed plough); straw + subsoil mixed (S + SML); straw + subsoil mixed +
phosphorus (P) fertilizer (S + SML + P); straw + subsoil mixed + lime (S + SML + L); straw + subsoil mixed + lime + P
fertilizer (S + SML + L + P). The result showed that compared with the CK treatment, the rest treatments combined with
ameliorative material achieved good results not only in the aspect of subsoil physical properties, but also in the aspect of
subsoil chemical properties. Soil moisture in the depth from 20 to 40 cm beneath the soil surface was increased by 2.11-6.11
percentage point. Soil hardness at the same part was reduced by 40%-50%, and its peak of soil hardness disappeared. The soil
three-phase ratio was improved with solid phase reduced by 8.5-9.97 percentage point, liquid phase increased by 2.82-5.41
percentage point and air phase increased by 3.89-6.65 percentage point. Its soil bulk density was decreased by 10.13%-17.09%.
In the aspect of soil chemical properties, available nitrogen (N) was increased by 82.75%-121.63%; available P was increased
by 190.91%-681.82%, and especially for the treatment of adding P, available P was 6.5-6.8 times as much as the CK; available
potassium (K) was increased by 20.7%-40.74%. Organic matter was increased by 157.14%-185.71%. In the aspect of
alleviating soil acidity, the pH value of the treatment for adding lime was increased by 0.45-0.47. Meanwhile, soil total N, P,
and K were increased. Total N was increased by 45.76%-52.54%, total P was increased by 108.14%-144.19%, and total K was
increased by 8.10%-26.34%. In the year of 2016, soybean yield was increased by 13.42%-24.46%, and in the year of 2017
maize yield was increased by 13.43%-19.17%. It achieved stable effect on increasing yield by once operation. From above
mentioned, the mixed subsoil combined with application of straw, lime and P fertilizer can achieve better results on planosol
improvement. This study can thus provide technical support for planosol improvement, and be useful for the improvement of
other soils which have similar property of low yield.

Keywords: soils; straw; lime; subsoil mixed; ameliorative material; planosol; physical properties; chemical properties



